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Sources of Frequency Variations

• Slow Environmental Sources, Drifts 
• thermal effects, cryogen pressure

• Fast Environmental Sources, Dynamical Effects 
• ambient vibrations, microphonics

• Coupling between Electromagnetic and Mechanical Modes through 
Radiation Pressure
• ponderomotive effects, Lorentz detuning

• Frequency Tuners
• mechanical, piezo
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Slow Frequency Drifts
Measured sensitivity : 95 Hz/torr
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Microphonics  (probability density)

6-cell 805 MHz, β=0.61 in cryomodule
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Microphonics  (probability density)

Background Microphonics Histogram, Hi B SNS Cavity in VTA; 6/21/02
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6-cell 805 MHz, β=0.82 in VTA 6-cell, 805 MHz, β=0.47 in VTA
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Microphonics (frequency spectra)

Frequency spectra are different between cavities
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Ponderomotive Effects – Lorentz Detuning

• Response of cavity frequency 
to small sinusoidal modulation 
of cavity rf field
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Piezo-Driven Response 
Cavity Response to Piezo, Swept Sinudoid, Drive Amplitude = 26Vpp

Med B Cryomodule Prototype, Cavity Position 2, 804.612MHz, 3.5 MV/m CW
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Cavity Pos 1, Piezo Transfer Function
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M:\asd\asddata\CMTF\MBPROTO\Microphonics\reece\062802\results\Trac16.xls

Cavity Pos 1, Piezo Transfer Function
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Comparison of Resonant Frequencies at Two Extremes of Coarse Tuner
Med B Cryomodule Prototype, Cavity Position 2, 3.5 MV/m CW
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RF Power
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3-spoke, 345 MHz, β=0.48
3-spoke, 345 MHz, β=0.48 
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6-Cell, 805 MHz, β=0.47
6-Cell, 805 MHz, β=0.47
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3-spoke, 345 MHz, β=0.62
3-spoke, 345 MHz, β=0.62 
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6-Cell, 805 MHz, β=0.61
6-Cell, 805 MHz, β=0.61
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Negative Phase Feedback



 Thomas Jefferson National Accelerator Facility  
Operated by the Southern Universities Research Association for the U.S. Depart. Of Energy

Jean Delayen – LANL Workshop Oct 2002 - Controls

Electronic Damping of Microphonics
Amount of modulation required to reduce frequency excursions 
by a given amount:
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Voltage-Controlled Reactance
• Has been successfully 

applied at lower 
frequencies

• Unlikely to be applicable 
at the frequency and 
power levels for TM010
cavities
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